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Abstract—In this paper we present a concise overview of
our recent results concerning the electric potential distribution
around a small charged particle in weakly ionized plasmas. A
number of different effects which influence plasma screening
properties are considered. Some consequences of the results are
discussed, mostly in the context of complex (dusty) plasmas.
Index Terms—Complex (dusty) plasmas, screening, potential
distribution.
I. INTRODUCTION
Complex (dusty) plasmas are plasmas containing small
charged particles of solid matter (dust grains). These particles
are usually large enough to be observed individually, which al-
lows experimental investigation with high temporal and spatial
resolution. Hence, complex plasma is a valuable model system
for studying various phenomena (e.g, phase transitions, self-
organizations, waves, transport, etc.) at the most elementary
kinetic level [1], [2], [3], [4], [5].
The character of the plasma-particle as well as the inter-
particle interactions appears to be one of the most fundamental
questions for understanding the physics behind the observed
phenomena in laboratory complex plasmas [1], [2], [3], [4],
[5] as well as in astrophysical plasmas [6], plasma of fusion
devices [7], [8], [9], plasma processing [5], [10], [11], etc.
Of particular importance are basic processes such as parti-
cle charging, electric potential distribution around a charged
particle in plasmas, interparticle interactions, momentum and
energy transfer between different complex plasma components
etc. [12].
The main aim of this paper is to present a brief overview
of our recent results (mostly theoretical) related to the electric
potential distribution around a charged test particle in plasmas.
A number of different effects which influence plasma screen-
ing properties are considered, such as plasma absorption on
the particle surface, non-linearity of ion-particle interaction,
ion-neutral collisions, plasma production and loss processes
in the vicinity of the particle. These effects influence and
often completely determine the shape of the electric potential
around the particle, especially its long-range asymptote. This
is important for a number of collective properties of complex
plasmas (e.g., interparticle coupling, phase transitions, phase
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diagrams, transport, etc). Below, we first discuss the role of
these effects in isotropic plasma conditions (Section II) and
then consider the case of anisotropic plasmas (Section III).
This is followed by a short summary in Section IV.
II. ISOTROPIC PLASMAS
The distribution of the electric potential around a small
individual spherical non-absorbing particle of radius a and
charge Q in isotropic plasmas is often described by the Debye-
Hu¨ckel (Yukawa) form
φ(r) ' φs(a/r) exp [−(r − a)/λD] ' (Q/r) exp(−r/λD),
(1)
where λD is the linearized Debye length, λD =
λDi/
√
1 + (λDi/λDe)2. The ion (electron) Debye length is
defined as λDi(e) =
√
Ti(e)/4pie2ni(e), where Ti(e) is the ion
(electron) temperature, ni ' ne ' n is the unperturbed plasma
density, and e is the elementary charge. The particle surface
potential φs = (Q/a) exp(−a/λD) is usually of the order of
the electron temperature, φs ∼ −Te/e, due to much higher
electron mobility. The above expression can be obtained by
solving the linearized Poisson equation with the assumption
that ion and electron densities follow Boltzmann distributions
and the condition |eφs/Ti(e)| . 1 is satisfied. It is to be
noted that usually in complex plasmas Te  Ti and the
linearization is often invalid since ion-particle coupling is very
strong close to the particle. Nevertheless, numerical solution
of the non-linear Poisson-Boltzmann equation shows that the
functional form of Eq. (1) still persists, but the actual value of
the particle charge should be replaced by an effective charge
which is somewhat smaller than the actual one in the absolute
magnitude [13], [14].
The effect of plasma absorption on the particle surface
strongly modifies the potential distribution. The continuous
ion and electron fluxes from the bulk plasma to the particle
make their distribution functions anisotropic in the velocity
space. Although the deviations are negligible for repelled
electrons [15], for attracted ions they are quite substantial.
In the absence of plasma production and loss in the vicinity
of the particle, conservation of the plasma flux completely
determines the long-range asymptote of the potential and in
collisionless plasmas it scales as φ(r) ∝ r−2 [3], [15], [16].
Close to the particle (up to a distance of few Debye radii from
its surface), the Debye-Hu¨ckel (DH) form works reasonably
well. However, in the regime of strong ion-grain coupling,
the linearized Debye length λD should be replaced by the
effective screening length λeff . The exact dependence of λeff
on plasma and grain parameters is not known for the general
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2case and so far it was determined using numerical simulations
only for a limited number of special cases [17], [18], [19]. For
a collisionless plasma with Te  Ti a fit based on numerical
results of Ref. [17] has been recently proposed [12]. The
corresponding expression is λeff ' λD[1+0.105
√
β+0.013β],
where β = |Q|e/(TiλD) is the so-called scattering parameter
[20], which is a natural measure of nonlinearity in ion-grain
interaction. This fit has been used to calculate the ion drag
force in a collisionless plasma with strong ion-grain coupling
in Ref. [21] and to estimate the effect of polarization inter-
action on the propagation of dust acoustic waves in complex
plasmas in Ref. [22].
Another important factor which influences the structure
of the electric potential around an absorbing particle in
plasmas is ion-neutral collisions. In the weakly collisional
regime (`i & λD, where `i is the ion mean free path) the
infrequent ion-neutral collisions create trapped ions which
increase the ion density in the vicinity of the particle. This
affects the ion flux collected by the particle [23], [24], [25]
and, therefore, modifies the potential distribution. In strongly
collisional plasmas (`i  λD) the electric potential is known
to exhibit a Coulomb-like (∝ r−1) decay [26], [27], [28], [29].
A transition from the DH to the unscreened Coulomb potential
with increasing ion collisionality was observed in a numerical
simulation [30].
Recently, a simple linear kinetic model has been proposed
independently by Filippov et al. [31] and Khrapak et al. [32]
which takes into account the combined effect of ion absorption
on the particle and ion-neutral collisions. Using this model
the electric potential distribution can be calculated in the
entire range of ion collisionality. Below we present the general
expression for the potential obtained in Ref. [32] and analyze
some interesting limiting cases.
A. Linear kinetic model
In this model a small (point-like) negatively charged indi-
vidual grain immersed in a stationary isotropic weakly ionized
plasma is considered. Plasma production and loss processes
are neglected in the vicinity of the particle except on the
particle surface, which is fully absorbing. The electron density
satisfies the Boltzmann relation, and ions are described by
the kinetic equation accounting for ion-neutral collisions and
ion loss on the particle surface. Collisions are modeled by
the Bhtanagar-Gross-Krook (BGK) collision integral with a
velocity independent (constant) effective ion-neutral collision
frequency ν. Ion loss is expressed through an effective (veloc-
ity dependent) collection cross section σ. The linear response
formalism is used to solve the Poisson equation along with the
corresponding equations for ions and electrons. The resulting
expression for the electric potential is [32]
φ(r) =
Q
r
exp(−kDr)− e
r
∫ ∞
0
kD sin(kr)f(θ)dk
k2 + k2D
≡ φI+φII,
(2)
where
f(θ) =
8n
pi3/2kD
∫∞
0
σ(ζ)ζ2 arctan(ζ/θ) exp(−ζ2)dζ
1−√piθ exp(θ2)[1− erf(θ)] .
Here kDi(e) = λ
−1
Di(e) is the inverse ion (electron) Debye
length, kD =
√
k2De + k
2
Di, vTi =
√
Ti/mi is the ion
thermal velocity, mi is the ion mass, θ = (ν/
√
2kvTi), and
ζ2 = v2/2v2Ti . The first term φI in Eq. (2) is the familiar
Debye-Hu¨ckel potential. The second term φII appears due to
ion absorption by the particle and accounts for ion-neutral
collisions. For a non-absorbing particle [σ ≡ 0] only the
conventional DH form survives, as expected. In this case ion-
neutral collisions do not affect the potential distribution.
Let us now consider some important limiting cases.
1) Collisionless limit: In the collisionless (CL) limit
one can use the OML collection cross section σ(ζ) =
pia2
[
1 + (zτ)ζ−2
]
to get [29]
φII(r) = −e
r
pia2n(1 + 2zτ)
2kD
F(kDr), (3)
where F(x) = [e−xEi(x)− exEi(−x)] and Ei(x) is the expo-
nential integral. Here, z = |Q|e/aTe is the normalized particle
charge and τ = Te/Ti is the electron-to-ion temperature ratio.
For sufficiently large distances x  1, F(x) ≈ 2/x and the
corresponding potential is
φII(r) ' −Te
e
(a
r
)2 1 + 2zτ
4(1 + τ)
, (4)
which coincides with the well known result of probe the-
ory [3], [15], [16], [33]. The long-range asymptote of the
potential scales as ∝ r−2 in this collisionless limit.
2) Strongly collisional limit: In the opposite strongly col-
lisional (SC) regime the actual form of σ(ζ) is not important
since the integral in f(θ) is directly expressed through the ion
flux Ji in this case. The resulting potential is
φII(r) ' −e
r
Ji
Dik2D
[1− exp(−kDr)] , (5)
where Di = v2Ti/ν is the diffusion coefficient of the ions.
This expression coincides with the results obtained using the
hydrodynamic approach [34], [35]. The long-range asymptote
of the potential decays as ∝ r−1 in this case.
3) Weakly collisional limit: The most interesting regime
relevant to many complex plasma experiments in gas dis-
charges is the weakly collisional (WC) regime, `i & λD. In
this case the functional form of σ(ζ) is required to calculate
the potential distribution. A simple assumption of a constant
cross section σ(ζ) = σ0 =
√
pi/8(Ji/nvTi) was made in
Ref. [32], which allowed to avoid divergence of the integrals
in calculating f(θ). The result is
φII(r) ' −e
r
√
pi
4
√
2
Ji
kDvTi
×
{
F(kDr) + 3.34
`ikD
[1− exp(−kDr)]
}
. (6)
The two terms in the curly brackets of Eq. (6) correspond to
absorption induced “collisionless” and “collisional” contribu-
tions, respectively. The collisional contribution to the potential
dominates over the collisionless one for r & 0.6`i.
Figure 1 demonstrates that the long-range asymptote of the
potential is dominated by the combined effect of collisions
and absorption. It exhibits Coulomb-like decay φ(r) ∼ Qeff/r,
3Fig. 1. Distribution of the normalized electric potential around a small
individual charged particle in an isotropic weakly ionized plasma for different
values of the ion collisionality index. The solid curves are obtained using
numerical integration of Eq. (2). Dashed (dotted) curve corresponds to the
analytic approximation in the strongly collisional (collisionless) limit. The
dash-dotted curve shows the Debye-Hu¨ckel potential with the surface potential
calculated from the (collisionless) OML model. The inset shows a comparison
between direct numerical integration of Eq. 2 (solid lines with symbols) and
analytical approximation for the weakly collisional regime [Eqs. (2) and (6)].
where the effective charge Qeff is determined by the plasma
and particle parameters and increases monotonically in ab-
solute magnitude with ion collisionality. At short distances
the potential follows the DH form (1), but the actual particle
charge Q shows a non-monotonic dependence on `ikD. In
the WC regime |Q| decreases with increasing collisionality,
while in the SC regime |Q| increases until it reaches a
certain maximum value when both ion and electron collection
by the particle becomes collision dominated [36]. Note that
in the WC regime the transition from short-range DH to
the long-range Coulomb-like asymptote can occur through
an intermediate ∝ r−2 decay, whilst in the SC regime the
potential is Coulomb-like practically from the particle surface.
B. Effect of ionization/recombination
So far it has been assumed that there are no plasma
sources and sinks in the vicinity of the particle except at its
surface. Physically, this corresponds to the situation when the
characteristic ionization/recombination length is considerably
larger than the characteristic size of the plasma perturbation
by the charged particle, i.e., compensation of plasma losses to
the particle occurs very far from it. However, in real conditions
some plasma production and loss processes always operate in
the vicinity of the particle and therefore, it would be interesting
to estimate the importance of these effects.
For an individual particle this has been done in Refs. [29],
[37] using the hydrodynamic approach for the case of highly
collisional plasmas. The effects of plasma production and loss
processes are introduced in the ion continuity equation through
the corresponding plasma source and loss terms. Electron
impact ionization is usually considered as the main mechanism
of plasma production. Plasma loss can be either due to
electron-ion volume recombination [29] (which is relevant to
high pressure plasmas) or due to ambipolar diffusion towards
the discharge chamber walls and electrodes [37] (which occurs
in low and moderate-pressure gas discharges). In addition,
when many particles are present in the system, plasma losses
can be associated with absorption on the particles themselves.
This situation has been recently analyzed in detail in Ref. [38].
Let us consider these three cases separately.
1) Losses due to volume recombination: The plasma source
and loss terms added to the ion continuity equation are in
this case νIne − νRneni, where νI and νR are the effective
ionization and recombination constants, respectively. In the
unperturbed state νI = νRn. The standard linearization pro-
cedure yields the electric potential of the form
φ = (Q+/r) exp(−rk+) + (Q−/r) exp(−rk−), (7)
where
k2± =
1
2
(
k2D +
νI
Di
)
± 1
2
√(
k2D +
νI
Di
)2
− 4νIk
2
De
Di
(8)
and
Q± = ∓
Q
[
k2∓ − kD2 − (eJi/QDi)
]
k2+ − k2−
. (9)
The potential is screened exponentially but unlike in Debye-
Hu¨ckel theory it is described by the superposition of the two
exponentials with different inverse screening lengths k+ and
k−. Both these screening lengths depend on the strength of
plasma production (ionization frequency νI ). The effective
charges Q+ and Q− also depend on plasma production
strength as well as on the ion flux collected by the grain.
The long range asymptote of the potential is determined by
the smaller screening constant k− with effective charge Q−.
Depending on the strength of plasma production two limiting
cases can be considered: low and high ionization rate.
In the limit of low ionization rate, νI/Di  k2D, the screen-
ing is dominated by ionization/recombination effects and the
screening length λDe(`ikD)
√
ν/νI is considerably larger than
the electron Debye length since (`ikD)
√
νI/ν in the con-
sidered regime. For distances λD  r  λDe(`ikD)
√
ν/νI
the potential behaves as Coulomb-like with the effective
charge Q− ' −(eJi/Dik2D), i.e., we recover the result of the
previous (no ionization/recombination) limit [Eq. (5)]. Thus,
the distance λDe(`ikD)
√
ν/νI determines the length scale
below which plasma production is not important and sets up
the upper limit of applicability of the results obtained within
the assumption of no ionization/recombination processes in the
vicinity of the grain [Eq. (5)].
In the opposite limit of high ionization rate, νI/Di  k2D,
the screening length is given by the electron Debye length
λDe and is independent of the ionization rate νI . The effective
charge Q− ' Q− eJi/νI is somewhat larger in the absolute
magnitude than the actual charge.
42) Losses due to ambipolar diffusion: In this case the
plasma source and loss terms are νIne−νLni, where νL is the
characteristic loss frequency (νI = νL). The potential around
the grain is [37],
φ = (Q1/r) exp(−keffr) +Q2/r, (10)
where Q1 = Q[1−{νI − (e/Q)Ji}/Dik2eff ], Q2 = Q−Q1 =
(QνI − eJi)/Dik2eff , and k2eff = kD2 + νI/Di. Thus, in the
considered case the potential is not completely screened, but
has Coulomb-like long-range asymptote. The effective charge
Q2 depends both on the strength of ionization νI and the ion
flux Ji collected by the grain. The analysis of the limits of
low and high ionization rates is straightforward.
3) Losses due to absorption on other grains: In this case,
the role of ion sink is played by a continuous, immovable, and
uniform “particle medium”. The ion source and loss terms are
essentially the same as in the previous case, with a minor
difference that the ion loss frequency νL may depend on
the particle charge which varies with the ion and electron
densities. The principal difference from the previous case is
that ni 6= ne in the unperturbed state due to the presence of the
charged particle medium. This has been shown to change the
Coulomb term Q2/r in Eq. (10) to (Q2/r) cos(k0r) as well
as to change Q1,2 and keff [19], [39], [40]. The parameter k0
is
k0 =
√
PzνL
τDi[P + z + (dνL/dz)(z/νL)]
(11)
where P = (ni − ne)/ni is the Havnes parameter (see, e.g.,
Eq. (27) of Ref. [40]). Equation (11) is derived for νL/Di 
k2D, τ  1, z ∼ 1, (dνL/dz)(z/νL) ∼ 1 and yields k0 ∼
10−2kD for typical experimental parameters (see also Fig. 3
of Ref. [19]).
However, it has been recently shown that this cosine-like
potential cannot be observed in principle [38]. The reason
is that such an ionization-absorption balanced plasma with
ni 6= ne is unstable with respect to ion perturbations and
the threshold wavenumber is exactly equal to k0, whereas
the attraction was derived by implicitly assuming the ion
component to be in a stable equilibrium and considering the
screening of a test particle as a static perturbation of this state.
This instability disappears for a constant ionization source
[38]. However, for a constant ionization source the cosine in
the potential changes to the exponent [41], [42].
III. ANISOTROPIC PLASMAS
Electric fields are often present in plasmas (e.g., in rf
sheaths, positive column of dc discharge, dc discharge stri-
ations, ambipolar electric field in plasma bulk, etc.). This
induces an ion drift and, hence, creates a perturbed region of
plasma density downstream from the particle – the so-called
“plasma wake”. One can apply the linear dielectric response
formalism [43] to calculate the potential distribution in the
wake. This approach is applicable provided ions are weakly
coupled to the particle (i.e. the region of nonlinear ion-particle
electric interaction is small compared to the plasma screening
length). Note that higher ion drift velocities imply better appli-
cability of the linear theory. The electrostatic potential created
by a point-like charge at rest is defined in this approximation
as
φ(r) =
Q
2pi2
∫
eikrdk
k2ε(0,k)
, (12)
where ε(ω,k) is the plasma dielectric function. Using a
certain model for the dielectric function, one can calcu-
late the anisotropic potential distribution using analytical ap-
proach [44], [45], [46], [47], [48], [49], [50]. The potential
profile can be also obtained from numerical simulations [51],
[52], [53], [54], [55], [56], [57]. In general, the shape of the
wake potential is sensitive to the ion flow velocity, plasma
absorption on the particle, ion-neutral collisions, etc. Let us
illustrate how the wake potential can depend on plasma con-
ditions using few recent examples from analytic calculations.
The examples below deal with a homogeneous plasma with
ion flow driven by an electric field, where the unperturbed
velocity distribution of ions is determined by the balance
of the electric field and collisions with neutrals (mobility-
limited flow). Here, “homogeneous plasma” presumes that the
inhomogeneity length (e.g. due to Boltzmann distribution of
electrons in the field driving the flow) is large enough. Such
a plasma has been shown to be stable with respect to the
formation of ion plasma waves, except for the parameter range
where the thermal Mach number MT = u/vTn is larger than
' 8 and the ratio of the ion-neutral collision frequency to the
ion plasma frequency, ν/ωpi is less than ' 0.2 [58]. Here u is
the ion flow velocity, vTn =
√
Tn/mi is the thermal velocity
of neutrals, Tn is the neutral temperature, and the ion plasma
frequency is ωpi =
√
4pie2n/mi. This justifies the use of
the linear response formalism (12) outside the aforementioned
instability range. However, note that the stability analysis was
performed using the BGK collision term, whereas the use of
the more realistic constant-mean-free-path collision term [59]
may yield somewhat different instability thresholds.
A. Subthermal ion drifts
In this subsection we focus on the subthermal ion drift
regime, MT . 1.
The screening in the “almost collisionless” case has been
investigated using the kinetic approach with the BGK collision
term [60]. The “almost collisionless case” presumes that the
ion-neutral collision length is much larger than the Debye
length and distances where we want to find the potential. This
case is treated by taking the limit ν → 0 at a fixed MT . In
this limit the role of collisions is only to determine the non-
Maxwellian form of the unperturbed velocity distributions of
ions. The resulting potential for r  λD is [60]
φ(r) = Q
[
exp(−r/λD)
r
− 2
√
2
pi
MTλ
2
D
r3
cos θ
+
(
2− pi
2
)M2Tλ2D
r3
(1− 3 cos2 θ)
]
, (13)
where θ is the angle between r and the ion flow, and
λD =
√
Tn/(4pine2) (note a difference with respect to
previous notation); the electron component is treated as a
homogeneous neutralizing background which is not perturbed
5Fig. 2. Distribution of the normalized electric potential behind a small
individual charged particle in a weakly anisotropic plasma. The solid curve
represents the potential distribution in the collisionless (CL) limit, Eq. (13),
for |Q|e/(aTi) = 2 (here Ti ≡ Tn), MT = 0.2, and r > 1.2λD. The
dash-dotted curve corresponds to the strongly collisional (SC) limit for a
nonabsorbing particle. The dashed curve shows the potential for an absorbing
particle in the same highly collisional limit. Both last curves are calculated
using Eq. (14) for the same parameters as for the CL case but with Te = Ti,
a/λD = 0.02, `i/λD = 0.1.
by the presence of the particle. Equation (13) is accurate to
O(MT /r
5) + O(M3T /r
3) at MT → 0, r → ∞. This result
shows:
• At sufficiently large distances the potential has the r−3-
dependence, which is in agreement with the inverse
third power law of screening in anisotropic collisionless
plasmas [61].
• The resulting electric interaction between the particles
is non-reciprocal (actio 6= reactio) since φ(r) 6= φ(−r).
For instance, if two grains are aligned along the flow then
the grain located downstream may experience attraction
whereas the grain located upstream will be always re-
pelled.
• The potential in the direction perpendicular to the flow
does not have an attractive part. This is contrast to
the case of a shifted Maxwellian distribution (see, e.g.,
Eq. (19) of Ref. [62], Fig. 2 of Ref. [63], or Fig. 3 of
Ref. [64]) and shows the importance of accounting for
the non-Maxwellian form of the ion distribution.
The wake effect has been proposed to be used to design
binary interactions in complex plasmas by applying electric
fields of various polarizations [60]. The idea is to apply an
electric field oscillating with a frequency which is (i) much
faster than that characterizing the particle dynamics and (ii)
much slower than the ion plasma frequency and the ion-neutral
collision frequency. In this case the particles do not react to
the field, whereas ions react instantaneously and the resulting
interaction between the particles is determined by the time-
averaged distribution of the electric potential in the screening
clouds. Here the most interesting case is the case of spherical
polarization where the vector of the electric field rotates in
such a way that its directions are isotropically distributed in
3D space but its absolute value remains constant. In this case
the resulting potential is isotropic but the second and third
terms in Eq. (13) are averaged out so that the effect of the
field is in the rest term O(MT /r5)+O(M3T /r
3). The resulting
potential was investigated numerically in Ref. [60] for finite
MT and found to have an attractive part.
The effect of ion absorption on the particle surface has been
so far investigated only for subthermal ion flows in highly
collisional plasmas using the hydrodynamic approach [65]. In
this regime the absorption-induced ion rarefication behind the
particle can overcome the effect of ion focusing and a negative
space charge region develops downstream from the particle.
This can have important consequences for particle motion in
low-ionized plasmas [66] and, therefore, let us discuss this
issue in some more detail.
A stationary negatively charged spherical point-like particle
which is immersed in a quasineutral highly collisional plasma
is considered. The electric field is sufficiently weak so that the
ions are drifting with subthermal velocity while electrons form
stationary background. Plasma absorption occurs on the grain
surface, i.e. it acts as a plasma sink. Ionization/recombination
processes in the vicinity of the grain are neglected. The
potential distribution is obtained by solving Poisson equation
coupled to the hydrodynamic equations for ions and Boltz-
mann equation for electrons using the standard linearization
technique under the assumption MT  kD`i  1. Further,
using the known asymptotic expression for the ion flux to
an infinitesimally small grain (a  λD) in the continuum
limit (`i  a) [26], [28], [67] the expression for the potential
downstream from the particle (θ = 0) can be written in the
form [65]:
φ(r) = Q
[
exp(−rkD)
r
−
(
MT k
2
Di
2`ik4D
)
2− (r2k2D + 2rkD + 2) exp(−rkD)
r2
+
(
kDi
kD
)2
1− exp(−rkD)
r
+
(
1− 2k
2
De
k2D
)(
MT k
2
Di
2`ik4D
)
×2−
[
(1− k2De/k2Di)−1r2k2D + 2rkD + 2
]
exp(−rkD)
r2
]
(14)
Let us briefly analyze the structure of the Eq. (14). The first
term is the usual isotropic Debye-Hu¨ckel potential and the
second term represents the anisotropic part of the potential
behind a nonabsorbing particle. The third and fourth terms
represent, respectively, the isotropic and anisotropic parts
of the electric potential associated with the effect of ion
absorption. In the absence of ion absorption the long-range
asymptote of the electric potential can be written in the form
φ ≈ −(Quν/ω2pir2)(kDi/kD)4. (15)
Except of the factor (kDi/kD)4 this expression is identical to
that obtained in Ref. [68] for the potential behind a slowly
moving non-absorbing test charge in collisional plasma. The
difference appears because in Ref. [68] only electron screening
was taken into account. Thus, in contrast to the collisionless
6regime, the potential of a non-absorbing particle in collisional
plasmas exhibits ∝ r−2 long-range decay. In the presence of
absorption the long-range asymptote of the anisotropic part of
the potential can be written as
φ ≈ −2(Quν/ω2pir2)(kDi/kD)4(kDe/kD)2.
Thus, the effect of absorption induced ion rarefication com-
petes with the effect of ion focusing and the amplitude of
the anisotropic part of potential decreases, provided Te > Ti.
More important is the contribution from the isotropic part as-
sociated with absorption. It is always negative (for a negatively
charged particle) and can be written as
φ ≈ (Q/r)(kDi/kD)2,
This contribution is most often dominant and completely
determines the long-range behavior of the potential [65].
Figure 2 shows an example of calculating the electric
potential downstream from the particle for the situations
discussed above. The solid curve corresponds to the non-
absorbing particle in collisionless plasma [Eq. (13)]. Ions are
focused downstream from the particle and a positive space
charge region exists. The dash-dotted curve shows the potential
distribution for a non-absorbing particle in highly collisional
plasmas [first two terms of Eq. (14)]. Here collisions enhance
ion focusing [69] and the positive space charge region grows
considerably. However, when absorption is included using Eq.
(14), the absorption induced ion rarefication plays a dominant
role and the potential is negative (dashed curve), in contrast
to the previous cases.
B. Suprathermal ion drifts
In the highly suprathermal regime MT  1 the potential
can be found analytically using the kinetic approach with the
realistic constant-mean-free-path collision term [70]:
φ(r) =
2Q
pi`i
Re
∫ ∞
0
dt
exp[it(r‖/`i)]
1 + (`i/λD,eff)2Y (t)
×K0
(
r⊥
`i
√
t2 + (`i/λD,eff)2X(t)
1 + (`i/λD,eff)2Y (t)
)
. (16)
Here r⊥ is the distance in the plane perpendicular to the flow,
r‖ is the distance along the flow (r‖ > 0 and r‖ < 0 along and
against the flow, respectively), λD,eff = [eE`i/(4pine2)]1/2 is
the effective Debye length, E is the field which drives the flow
[it is related to the flow velocity via u =
√
2eE`i/(pimi)],
K0 is the zero-order modified Bessel function of the second
kind [71],
X(t) = 1−√1 + it,
Y (t) =
2
√
1 + it
it
∫ 1
0
dα
[1 + it(1− α2)]2 −
1
it(1 + it)
, (17)
and the square roots must be taken with positive real part; the
electrons are considered as a homogeneous background which
is not perturbed by the presence of particle. Expression (16)
works at all but very small angles with respect to the flow
since it diverges logarithmically at r⊥ → 0 for r‖ > 0 due
Fig. 3. Contour plot of the potential around a small charged dust particle
in a weakly ionized plasma with suprathermal ion drift driven by an electric
field [Eq. (16)] for λD,eff/`i = 0.5. The charge is in the center and the drift
direction is from the left to the right. The distance and the potential are in
units of λD,eff and Q/λD,eff , respectively.
to the neglect of the thermal spread of neutral velocities. The
contor plot of potential (16) is shown in Fig. 3.
The derived potential applies to the screening of charged
particles in plasma presheaths where the ion flow velocity is
in between the thermal velocity of neutrals and the Bohm
velocity. This potential has been shown in Ref. [70] to be in
agreement with measurements of Konopka et al. [72].
The potential (16) at large distances is [70]
φ(r) = −Qλ
2
D,eff
`i
cos θ
r2
(
2
1 + cos2 θ
)3/2
(18)
which is accurate to O
(
r−3
)
at r →∞. This is an unscreened
dipole-like field with the dipole moment |Q|λ2D,eff/`i directed
along the flow for Q < 0, although there is a difference
from a pure dipole field due to the factor [2/(1 + cos2 θ)]3/2.
The ∝ r−2-dependence in Eq. (18) is again different from
the inverse third power law decay in collisionless anisotropic
plasmas because of a finite collision length. Note that for θ = 0
Eq. (18) is identical to the result of hydrodynamic approach
[Eq. (15)], provided we assume Te →∞ and u = eE/miν in
Eq. (15). In both cases the dipole momentum is QeE/(miω2pi).
IV. SUMMARY
In this paper, we have summarized and discussed our recent
results regarding the electric potential distribution around a
small charged particle in weakly ionized plasmas. Different
effects influencing the shape of the potential, including plasma
absorption on the particle, ion-neutral collisions, plasma pro-
duction and loss processes, and plasma anisotropy have been
considered. The generic property of the results obtained so
far is that sufficiently close to the particle the potential can
be well approximated by the Debye-Hu¨ckel (Yukawa) form.
At longer distances, the potential usually exhibits power-law
decay ∝ c/rn. The value of n (n = 1, 2, or 3 in the
7cases investigated), as well as the sign and magnitude of the
parameter c, depend on the plasma and particle properties.
These results have important consequences for plasma-particle
and interparticle interactions and related phenomena, including
phase transitions, phase diagrams, transport, waves, etc.
REFERENCES
[1] V. N. Tsytovich, G. E.Morfill, S. V. Vladimirov, and H. M. Thomas,
Elementary Physics of Complex Plasmas, Springer, Berlin Heidelberg,
2008.
[2] P. K. Shukla, and A. A. Mamun, Introduction to Dusty Plasma Physics,
IoP Publishing Ltd, London, 2002.
[3] V. E. Fortov, A. V. Ivlev, S. A. Khrapak, A. G. Khrapak, and G. E. Morfill,
“Complex (dusty) plasmas: Current status, open issues, perspectives”,
Phys. Reports, vol. 421, no. 1/2, pp. 1–103, Dec. 2005.
[4] V. E. Fortov, A. G. Khrapak, S. A. Khrapak, V. I. Molotkov, O. F. Petrov,
“Dusty plasmas”, Phys. Usp., vol. 47, no. 5, pp. 447–492, May 2004.
[5] S. V. Vladimirov, and K. Ostrikov, “Dynamic self-organization phenom-
ena in complex ionized gas systems: new paradigms and technological
aspects”, Phys. Reports, vol. 393, no. 3 - 6, pp. 175–380, Apr. 2004.
[6] D. A. Mendis, “Progress in the study of dusty plasmas”, Plasma Sources
Sci. Technol., vol. 11, no. 3A, pp. A219–A228, Aug. 2002.
[7] J. Winter, “Dust in fusion devices?experimental evidence, possible
sources and consequences”, Plasma Phys. Control. Fusion, vol. 40, no.
6, pp. 1201–1210, Jun. 1998.
[8] A. Yu. Pigarov, S. I. Krasheninnikov, T. K. Soboleva, T. D. Rognlien,
“Dust-particle transport in tokamak edge plasmas”, Phys. Plasmas, vol.
12, no. 12, pp. 122508-1–122508-15, Dec. 2005.
[9] U. de Angelis, “Dusty plasmas in fusion devices”, Phys. Plasmas, vol.
13, no. 1, pp. 012514-1–12514-10, Jan. 2006.
[10] A. Bouchoule, Technological impacts of dusty plasmas, in: A. Bouchoule
(Ed.), Dusty Plasmas: Physics, Chemistry and Technological Impacts in
Plasma Processing, Wiley, Chichester, 1999.
[11] H. Kersten, H. Deutsch, E. Stoffels, W. W. Stoffels, G. M. W. Kroesen,
and R. Hippler, “Micro-disperse particles in plasmas: from disturbing side
effects to new applications”, Contrib. Plasma Phys., vol. 41, no. 6, pp.
598–609, Oct. 2001.
[12] S. A. Khrapak, and G. E. Morfill, “Basic Processes in Complex (Dusty)
Plasmas: Charging, Interactions, and Ion Drag Force”, Contrib. Plasma
Phys., vol. 49, no. 3, pp. 148–168, Apr. 2009.
[13] A. P. Nefedov, O. F. Petrov, and S. A. Khrapak, “Potential of Electro-
static Interaction in a Thermal Dusty Plasma”, Plasma Phys. Reports,
vol. 24, no. 12, pp. 1037–1040, Dec. 1998.
[14] O. Bystrenko, and A. Zagorodny, “Critical effects in screening of high-Z
impurities”, Phys. Lett. A, vol. 255, no. 4-6, pp. 325–330, May 1999.
[15] Y. L. Al’pert, A. V. Gurevich, and L. P. Pitaevsky, Space Physics with
Artificial Satellites, Consultants Bureau, New York, 1965.
[16] V. N. Tsytovich, “Dust plasma crystals, drops, and clouds”, Phys. Usp.,
vol. 40, no. 1, pp. 53–94, Jan. 1997.
[17] J. E. Daugherty, R. K. Porteous, M. D. Kilgore, and D. B. Graves,
“Sheath structure around particles in low-pressure discharges”, J. Appl.
Phys., vol. 72, no. 9, pp. 3934–3942, Nov. 1992.
[18] M. Lampe, R. Goswami, Z. Sternovsky, S. Robertson, V. Gavrishchaka,
G. Ganguli, and G. Joyce, “Trapped ion effect on shielding, current ow,
and charging of a small object in a plasma”, Phys. Plasmas, vol. 10, no.
5, pp. 1500–1513, May 2003.
[19] S. Ratynskaia, U. de Angelis, S. Khrapak, B. Klumov, and G. E.
Morfill, “Electrostatic interaction between dust particles in weakly ionized
complex plasmas”, Phys. Plasmas, vol. 13, no. 10, pp. 104508-1–104508-
4, Oct.2006.
[20] S. A. Khrapak, A. V. Ivlev, G. E. Morfill, and H. M. Thomas, “Ion drag
force in complex plasmas”, Phys. Rev. E, vol. 66, no. 4, pp. 046414-1–
046414-4, Oct. 2002.
[21] S. A. Khrapak, V. Nosenko, G. E. Morfill, and R. Merlino, “Improved
theoretical approximation for the ion drag force in collisionless plasma
with strong ion-grain coupling”, Phys. Plasmas, vol. 16, no. 4, pp.
044507-1–044507-3, Apr. 2009.
[22] S. A. Khrapak, A. V. Ivlev, V. V. Yaroshenko and G. E. Morfill,
“Influence of a Polarization Force on Dust Acoustic Waves”, Phys. Rev.
Lett., vol. 102, no. 24, pp. 245004-1–245004-3, Jun. 2009.
[23] M. Lampe, V. Gavrishchaka, G. Ganguli, and G. Joyce, “Effect of
trapped ions on shielding of a charged spherical object in a plasma”,
Phys. Rev. Lett., vol. 86, no. 23, pp. 5278–5281, Jun. 2001.
[24] S. V. Ratynskaia, S. A. Khrapak, A. V. Zobnin, M. H. Thoma, M.
Kretschmer, A. D. Usachev, V. V. Yaroshenko, R. A. Quinn, G. E. Morfill,
O. F. Petrov, and V. E. Fortov, “Experimental Determination of Dust-
Particle Charge in a Discharge Plasma at Elevated Pressures”, Phys. Rev.
Lett., vol. 93, no. 8, pp. 085001-1–085001-4, Aug. 2004.
[25] S. A. Khrapak, S. V. Ratynskaia, A. V. Zobnin, A. D. Usachev, V. V.
Yaroshenko, M. H. Thoma, M. Kretschmer, H. Ho¨fner, G. E. Morfill, O.
F. Petrov, and V. E. Fortov, “Particle charge in the bulk of gas discharges”,
Phys. Rev. E, vol. 72, no. 1, pp. 016406-1–016406-10, Jul. 2005.
[26] C. H. Su, and S. H. Lam, “Continuum theory of spherical electrostatic
probes”, Phys. Fluids, vol. 6, no. 10, pp. 1479–1491, Oct. 1963.
[27] O. Bystrenko, and A. Zagorodny, “Screening of dust grains in a weakly
ionized gas: Effects of charging by plasma currents”, Phys. Rev. E, vol.
67, no. 6, pp. 066403-1–066403-5, Jun. 2003.
[28] S. A. Khrapak, G. E. Morfill, A. G. Khrapak, and L. G. D’yachkov,
“Charging properties of a dust grain in collisional plasmas”, Phys.
Plasmas, vol. 13, no. 5, pp. 052114-1–052114-5, May 2006.
[29] A. V. Filippov, A. G. Zagorodniy, A. I. Momot, A. F. Pal, and A.
N. Starostin, “Charge screening in a plasma with an external ionization
source”, JETP., vol. 104, no. 1, pp. 147–161, Feb. 2007.
[30] A. V. Zobnin, A. P. Nefedov, V. A. Sinelshchikov, and V. E. Fortov,
“On the charge of dust particles in a low-pressure gas discharge plasma”,
JETP., vol. 91, no. 3, pp. 483–487, Sep. 2000.
[31] A. V. Filippov, A. G. Zagorodniy, A. I. Momot, A. F. Pal, A. N. Starostin,
and A. I. Momot, “Kinetic description of the screening of the charge of
macroparticles in a nonequilibrium plasma”, JETP Lett.., vol. 86, no. 12,
pp. 761–766, Dec. 2007.
[32] S. A. Khrapak, B. A. Klumov, and G. E. Morfill, “Electric potential
around an absorbing body in plasmas: Effect of ion-neutral collisions”,
Phys. Rev. Lett., vol. 100, no. 22, pp. 225003-1–225003-4, Jun. 2008.
[33] J. E. Allen, B. M. Annaratone, and U. de Angelis, “On the orbital motion
limited theory for a small body at floating potential in a Maxwellian
plasma”, J. Plasma Phys., vol. 63, no. 4, pp. 299–309, May 2000.
[34] S. A. Khrapak, G. E. Morfill, V. E. Fortov, L. G. D’yachkov, A. G.
Khrapak, and O. F. Petrov, “Attraction of positively charged particles in
highly collisional plasmas”, Phys. Rev. Lett., vol. 99, no. 5, pp. 055003-
1–055003-4, Aug. 2007.
[35] S. A. Khrapak, S. K. Zhdanov, A. V. Ivlev, and G. E. Morfill, “Drag
force on an absorbing body in highly collisional plasmas”, J. Appl. Phys.,
vol. 101, no. 3, pp. 033307-1–033307-4, Feb. 2007.
[36] S. A. Khrapak, and G. E. Morfill, “An interpolation formula for the ion
flux to a small particle in collisional plasmas”, Phys. Plasmas, vol. 15,
no. 11, pp. 114503-1–114503-4, Nov. 2008.
[37] M. Chaudhuri, S. A. Khrapak, and G. E. Morfill, “Ion drag force on
a small grain ih highly collisional weakly anisotropic plasmas: Effect of
plasma production and loss mechanisms”, Phys. Plasmas, vol. 15, no. 5,
pp. 053703-1–053703-7, May 2008.
[38] D. Else, R. Kompaneets, and S. V. Vladimirov, “Instability of the
ionization-absorption balance in a complex plasma at ion time scales”,
Phys. Rev. E, vol. 80, no. 1, pp. 016403-1–016403-6, Jul. 2009.
[39] V. N. Tsytovich and G. E. Morfill, “Collective attraction of equal-sign
charged grains in plasmas”, Plasma Phys. Rep., vol. 28, no. 3, pp. 171–
176, Mar. 2002.
[40] R. Kompaneetz and V. Tsytovich, “Collective electrostatic interaction
of particles in a complex plasma with ion flow”, Contrib. Plasma Phys.,
vol. 45, no. 2, pp. 130–138, 2005.
[41] C. Castaldo, U. de Angelis, and V. N. Tsytovich, “Screening and
attraction of dust particles in plasmas”, Phys. Rev. Lett., vol. 96, no.
7, 075004-1–075004-4, Feb. 2006.
[42] V. Tsytovich, R. Kompaneets, U. de Angelis, and C. Castaldo, “Collec-
tive grain interactions for constant ionization source”, Contrib. Plasma
Phys., vol. 46, pp. 280–286, 2006.
[43] A. F. Alexandrov, L. S. Bogdankevich, and A. A. Rukhadze, Principles
of plasma electrodynamics, Springer-Verlag, New York, 1984.
[44] M. Nambu, S. V. Vladimirov, and P. K. Shukla, “Attractive forces
between charged particulates in plasmas”, Phys. Lett. A, vol. 203, no.
1, pp. 40–42, Sep. 1995.
[45] S. V. Vladimirov, and M. Nambu, “Attraction of charged particulates in
plasmas with finite fIows”, Phys. Rev. E, vol. 52, no. 3, pp. R2172–R2174,
Sep. 1995.
[46] S. V. Vladimirov, and O. Ishihara, “On plasma crystal formation”, Phys.
Plasmas, vol. 3, no. 2, pp. 444–446, Feb. 1996.
[47] O. Ishihara, and S. V. Vladimirov, “Wake potential of a dust grain in
a plasma with ion flow”, Phys. Plasmas, vol. 4, no. 1, pp. 69–74, Jan.
1997.
8[48] B. Xie, K. He, and Z. Huang, “Attractive potential in weak ion flow
coupling with dust-acoustic waves”, Phys. Lett. A, vol. 253, no. 1-2, pp.
83–87, Mar. 1999.
[49] D. S. Lemons, M. S. Murillo, W. Daughton, and D. Winske, “ Two-
dimensional wake potentials in sub- and supersonic dusty plasmas”, Phys.
Plasmas, vol. 7, no. 6, pp. 2306–2313, Jun. 2000.
[50] G. Lapenta, “Linear theory of plasma wakes”, Phys. Rev. E, vol. 62, no.
1, pp. 1175–1181, Jul. 2000.
[51] F. Melandsø, and J. Goree, “Polarized supersonic plasma flow simulation
for charged bodies such as dust particles and spacecraft”, Phys. Rev. E,
vol. 52, no. 5, pp. 5312–5326, Nov. 1995.
[52] M. Lampe, G. Joyce, G. Ganguli, and V. Gavrishchaka, “Interactions
between dust grains in a dusty plasma”, Phys. Plasmas, vol. 7, no. 10,
pp. 3851–3861, Oct. 2000.
[53] S. A. Maiorov, S. V. Vladimirov, and N. F. Cramer, “Plasma kinetics
around a dust grain in an ion flow”, Phys. Rev. E, vol. 63, no. 1, pp.
017401-1–017401-4, Jan. 2001.
[54] D. Winske, “Nonlinear wake potential in a dusty plasma”, IEEE Trans.
Plasma Sci., vol. 29, no. 2, pp. 191–197, Apr. 2001.
[55] G. Lapenta, “Nature of the force field in plasma wakes”, Phys. Rev. E,
vol. 66, no. 2, pp. 026409-1–026409-6, Aug. 2002.
[56] S. V. Vladimirov, S. A. Maiorov, and O. Ishihara, “Molecular dynamics
simulation of plasma flow around two stationary dust grains”, Phys.
Plasmas, vol. 10, no. 10, pp. 3867–3873, Oct. 2003.
[57] W. J. Miloch, S. V. Vladimirov, H. L. Pe´cseli, and J. Trulsen, “Numerical
simulations of potential distribution for elongated insulating dust being
charged by drifting plasmas”, Phys. Rev. E, vol. 78, no. 3, pp. 036411-
1–036411-7, Sep. 2008.
[58] R. Kompaneets, A. V. Ivlev, and S. V. Vladimirov, “Effect of mobility-
limited ion flow on ion plasma waves”, to be submitted to Phys. Rev.
E.
[59] D. Else, R. Kompaneets, and S. V. Vladimirov, “On the reliability of
the Bhatnagar-Gross-Krook collision model in weakly ionized plasmas”,
Phys. Plasmas, vol. 16, no. 6, 062106-1–062106-8, Jun. 2009.
[60] R. Kompaneets, G. E. Morfill, and A. V. Ivlev, “Design of new binary
interaction classes in complex plasmas”, Phys. Plasmas, vol. 16, pp.
043705-1–043705-6, Apr. 2009.
[61] D. Montgomery, G. Joyce, and R. Sugihara, “Inverse third power law for
the shielding of test particles”, Plasma Phys., vol. 10, no. 7, pp. 681–685,
Jul. 1968.
[62] G. Cooper, “Shielding of slow test particles in a plasma”, Phys. Fluids,
vol. 12, no. 12, pp. 2707–2710, Dec. 1969.
[63] R. Kompaneets, S. V. Vladimirov, A. V. Ivlev, and G. Morfill, “Recipro-
cal interparticle attraction in complex plasmas with cold ion flows”, New.
J. Phys., vol. 10, no. 6, pp. 063018-1–063018-16, Jun. 2008.
[64] C. L. Wang, G. Joyce, and D. R. Nicholson, “Debye shielding of a
moving test charge in a plasma”, J. Plasma Phys., vol. 25, part 2, no. 4,
pp. 225–231, Apr. 1981.
[65] M. Chaudhuri, S. A. Khrapak, and G. E. Morfill, “Electrostatic potential
behind a macroparticle in a drifting collisional plasma: Effect of plasma
absorption”, Phys. Plasmas, vol. 14, no. 2, pp. 022102-1–022102-5, Feb.
2007.
[66] S. V. Vladimirov, S. A. Khrapak, M. Chaudhuri, and G. E. Morfill,
“Superfluidlike Motion of an Absorbing Body in a Collisional Plasma”,
Phys. Rev. Lett., vol. 100, no. 5, pp. 055002-1–055002-4, Feb. 2008.
[67] J.-S. Chang, and J. G. Laframboise, “Probe theory for arbitrary shape
in a large Debye length, stationary plasma”, Phys. Fluids, vol. 19, no. 1,
pp. 25–31, Jan. 1976.
[68] L. Stenflo, M. Y. Yu and P. K. Shukla, “Shielding of a slow test charge
in a collisional plasma”, Physics of Fluids, vol. 16, no. 3, pp. 450–452,
Mar. 1973.
[69] A. V. Ivlev, S. A. Khrapak, S. K. Zhdanov, G. E. Morfill, and G. Joyce,
“Force on a charged test particle in a collisional flowing plasma”, Phys.
Rev. Lett., vol. 92, no. 20, pp. 205007-1–205007-4, May 2004.
[70] R. Kompaneets, U. Konopka, A. V. Ivlev, V. Tsytovich, and G. E.
Morfill, “Potential around a charged dust particle in a collisional sheath”,
Phys. Plasmas, vol. 14, no. 5, pp. 052108-1–052108-7, May 2007.
[71] M. Abramowitz and I. A. Stegun, Handbook of Mathematical Functions,
Dover, New York, 1972.
[72] U. Konopka, G. E. Morfill, and L. Ratke, “Measurement of the interac-
tion potential of microspheres in the sheath of a rf discharge”, Phys. Rev.
Lett., vol. 84, no. 5, pp. 891–894, Jan. 2000.
Manis Chaudhuri was born in Hooghly, India in
1978. He received the M.Sc. degree in physics
from the University of Calcutta, India in 2001
and the Ph.D. degree in physics from the Ludwig-
Maximilians-University, Munich, Germany in 2008.
From 2003 to 2005, he was a Research Fellow at
Saha Institute of Nuclear Physics, Calcutta, India.
Since 2005 he has been with the theory (complex
plasma) group at Max-Planck-Institute for Extrater-
restrial Physics, Garching, Germany. His research
interest includes theoretical and experimental inves-
tigations of complex plasmas.
Sergey Khrapak was born in Moscow, Russia, in
1973. He received the M. Sc. and Ph.D. degrees
in physics from the Moscow Institute of Physics
and Technology, Moscow, in 1996 and 1999, respec-
tively.
From 1996 to 2000, he was a Research Fellow
with High Energy Density Research Center, Insti-
tute for High Temperatures, Russian Academy of
Sciences, Moscow. Since 2000, he has been with
the theory (complex plasma) group of Max-Planck-
Institut fu¨r extraterrestrische Physik, Garching, Ger-
many. He is the author of more than 100 scientific papers and more than 60
contributions to international and national conferences. His scientific interests
are mostly focused on the theory of complex (dusty) plasmas.
Roman Kompaneets was born in 1980 in Moscow,
U.S.S.R. He received the MS degree in applied
mathematics and physics from the Moscow Institute
of Physics and Technology, Russia, in 2003 and
the Dr. rer. nat. degree (PhD equivalent) in physics
from the Ludwig Maximilians University of Munich,
Germany, in 2007. He is a Professor Harry Messel
Research Fellow in the School of Physics at the Uni-
versity of Sydney, Australia. His research interests
are the collective kinetic effects in various plasmas
including dusty plasmas.
Gregor Morfill was born in Oberhausen, Germany,
in 1945. He received the B. Sc. degree in physics and
the Ph.D. degree in space plasma physics from Im-
perial College, London University, London, U.K., in
1967 and 1970, respectively, the Honorary Doctorate
degree from the Technical University of Berlin,
Berlin, Germany, in 2003.
Since 1984, he has been the Director of Max-
Planck Institut fu¨r extraterrestrische Physik, Garch-
ing, Germany. He also holds honorary Professorships
at the University of Leeds, Leeds, U.K., the Univer-
sity of Arizona, Tucson. He is the author of more than 500 scientific papers.
His present scientific interests are mostly focused on complex (dusty) plasmas,
astrophysical plasmas, and plasma applications in medicine.
Professor Morfill is a foreign member of the Russian Academy of Sciences.
He has the recipient of a number of important prizes including Patten Prize,
Bavarian Innovation Prize, Wissenschaftpreis of the German “Stifterverband”,
Gagarin Medal, Ziolkowski Medal, etc.
